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Abstract 
Objective: To compare the effect of three different fiber reinforcement strategies on the fracture 
strength of composite resin restored endodontically treated premolars. Material and Methods: 
Seventy-two sound human premolars extracted for orthodontic reasons were divided into 6 
groups (n=12) after endodontic treatment. Group 1: intact teeth (positive control); Group 2: 
endodontically treated teeth without restoration (negative control); Group 3: composite resin 
restoration; Group 4: placement of fibers at occlusal position; Group 5: splinting the buccal and 
palatal walls with horizontal fiber posts; Group 6: placement of fibers at the occlusal position 
after splinting the buccal and palatal walls with horizontal fiber posts. Then fracture strength 
was measured at a crosshead speed of 0.5 mm/min in a universal testing machine. Data were 
analyzed using one-way ANOVA and post hoc Tukey tests at α=0.05. Results: There were 
significant differences between the negative and positive control groups (p<0.001) and between 
the negative control group and all the other study groups (p<0.001). However, there were no 
statistically significant differences between the positive control group and all the experimental 
groups and between the experimental groups (p>0.05). Conclusion: Fiber insertion had no 
additional reinforcing effect on the fracture strength following composite resin restoration. 
 
Keywords: Tooth, Nonvital; Composite Resins; Post and Core Technique.
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Introduction 
Endodontically treated teeth have low fracture resistance, compared to sound teeth, because 
of various reasons such as a decrease in dentin elasticity, a decrease in water content, and more 
importantly due to the extensive loss of tooth structures, including cusps, marginal ridges and the 
pulp chamber roof due to caries, previous restorations and endodontic access cavity preparation [1-
3]. 
The success of endodontic treatment depends on the quality of final restoration and 
endodontic treatment is not considered complete without restoration of the crown. However, 
selection of the best final restoration for endodontically treated teeth is still a matter of controversy 
and so far, a wide range of amalgam, direct and indirect composite resin and full-coverage 
restorations have been suggested [4-6]. 
The risk of cusp fracture under occlusal forces is high in maxillary premolars due to their 
special anatomic configuration and their unique position in the dental arch [7,8]. Furthermore, 
because of their location in the appearance zone during smiling [7,8], the esthetic factor should be 
taken into account in these teeth in addition to fracture resistance. 
At present, technological advances in the adhesive technology and introduction of fiber-
reinforced composite resins (FRC) have led to an increase in the restoration of extensive cavities 
with composite resins. It has been shown that FRC has a successful function in the oral cavity and 
has so far been used in the manufacture of crowns, bridges and periodontal splints [9]. A finite 
element analysis has shown that FRC post-and-core systems are more appropriate than inflexible 
metallic post-and-core systems due to a coefficient of elasticity similar to that of dentin and better 
protection of remaining tooth structure [10]. 
Several studies have confirmed the efficacy of high molecular-weight polyethylene fibers for 
reinforcement of composite resins as stress breakers in extensive composite resin restorations, 
indicating that placement of these fibers increases the fracture resistance of endodontically treated 
teeth [11-17], with more occlusal fibers exerting greater effects [13,14]. In addition, horizontal 
transfixation of the remaining buccal and palatal walls of endodontically treated molars by glass fiber 
posts and restoration with composite resin significantly increase fracture resistance [15]. However, 
none of the restorative techniques used so far have been able to increase the fracture resistance of 
endodontically treated teeth to the level of intact teeth [12-15,17]. Furthermore, it is not clear 
which of the above-mentioned adhesive restorative techniques results in a greater increase in 
fracture resistance and whether a combination of these two techniques as a new restorative technique 
can result in a great increase in fracture strength to the level of an intact tooth. 
Therefore, the aim of the present study was to compare the effect of three different fiber 
reinforcement strategies (placement of fibers in the occlusal position, splinting of the buccal and 
palatal walls with horizontal fiber posts, and placement of fibers at the occlusal position after 
splinting the buccal and palatal walls with horizontal fiber posts) on the fracture strength of 
composite resin restored endodontically treated premolars. 
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Material and Methods 
Maxillary premolars with similar sizes in all the dimensions – with an approximate variation 
of ±1 mm – were used. All the teeth had been extracted for orthodontic reasons. Only teeth with no 
caries, previous restorations and cracks under sufficient illumination at a magnification of ×4 were 
included. 
The formula to estimate the differences between two means were used to determine the 
sample size, which was estimated to be 72 by considering α=0.05, power of 80% and a mean 
difference of 600 N, in 6 groups of 12. The selected teeth were stored in 0.5% chloramine T solution 
(Formula & Ação, São Paulo, SP, Brazil) for disinfection for 48 hours before the study. Then the 
teeth were immersed in distilled water at 4°C until used for the purpose of the study. The teeth were 
randomly divided into 6 groups of 12 after the tooth surfaces were cleaned with hand scalers (Figure 
1). 
 
 
Figure 1. Schematic presentation of restorative procedures in study groups: A: Intact teeth, without 
root canal treatment and any restorations (positive control), B: Endodontically treated teeth without 
restoration (negative control), C: Endodontically treated teeth restored with composite resin, without 
fibers and/or horizontal fiber post, D: Endodontically treated teeth restored with placement of fibers 
at occlusal position, E: Endodontically treated teeth restored with the technique of splinting the buccal 
and palatal walls with horizontal fiber post, F: Endodontically treated teeth restored with placement of 
fibers at the occlusal position after splinting the buccal and palatal walls with horizontal fiber post. 
 
• Group 1 (P-Crtl): Intact teeth, without root canal treatment and any restorations (positive 
control). The teeth did not undergo access cavity preparation and root canal treatment.  
• Group 2 (RCT+MOD): Endodontically treated teeth without restoration (negative control). 
Standardized MOD cavities were prepared with a buccolingual dimension measuring 1/3 of the 
distance between the buccal and palatal cusp tips and a depth extending up to 1 mm from the 
CEJ. The width of the occlusal box was equal to the proximal width of the cavity. After pulpal 
debridement and irrigation with 1% sodium hypochlorite, each root canal was prepared with K-
files (MANI Inc., Tochigi, Japan) #15 to #35 and #1 and #2 Gates-Glidden drills (MANI Inc., 
Tochigi, Japan). After irrigation with physiologic serum and drying with paper points, each root 
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canal was obturated with gutta-percha (GAPADent Co., LTD, Tianjin, China) and AH26 sealer 
(Dentsply DeTrey GMBH, Constance, Germany) using lateral condensation technique. 
• Group 3 (RCT+MOD+CR): Endodontically treated teeth restored with composite resin, without 
fibers and/or horizontal fiber post. In this group, root canal treatment and access cavity 
preparation were similar to those of group 2. After etching the cavity for 15 seconds with 35% 
phosphoric acid (Scoltchbond Etchant, 3M Dental Products, St. Paul, MN, USA) and rinsing with 
water for 10 seconds, excess moisture was removed by cotton pellets and two layers of Single 
Bond (3M Dental Products, St. Paul, MN, USA) adhesive were applied according to 
manufacturer’s instructions and light-cured for 10 seconds. Subsequently, the access cavities were 
restored with Valux Plus (3M Dental Products, St. Paul, MN, USA) composite resin using the 
incremental technique and each layer was cured by Litex 682 light-curing unit (Dentamerica Inc., 
Bedford circle, CA, USA) in soft start mode. 
• Group 4 (RCT+MOD+OF+CR): Endodontically treated teeth restored with placement of fibers 
at occlusal position. In this group, root canal treatment, access cavity preparation and composite 
resin restoration procedures were similar to those of group 3. Then a groove measuring 2 mm in 
width and 1 mm in depth was prepared in the buccolingual direction toward the tips of the buccal 
and palatal cusps. After etching and bonding, flowable composite resin (Filtek Flow; 3M Dental 
Products, St. Paul, MN, USA) and fiberglass Interlig® (Angelus Ind. Prod. Odontológicos S/A, 
Londrina, PR, Brazil) were placed on the depth of the groove and light-cured for 40 seconds. 
Then the rest of the groove was restored with Valux Plus composite resin (3M Dental Products, 
St. Paul, MN, USA) to achieve anatomic form. 
• Group 5 (RCT+MOD+GF+CR): Endodontically treated teeth restored with the technique of 
splinting the buccal and palatal walls with horizontal fiber post. In this group, the buccal and 
palatal walls were horizontally splinted with glass fiber post (Angelus Ind. Prod. Odontológicos 
S/A, Londrina, PR, Brazil). After root canal treatment and access cavity preparation in a manner 
similar to that of group 2, a #3145 diamond bur (KG Sorensen Ind. Com. Ltda., Barueri, SP, 
Brazil) was used to prepare a guide hole at the palatal surface height of contour and in the middle 
of the mesiodistal dimension of premolars until DEJ was reached. Placement of a hole at this 
location results in minimum weakening of the tooth structure because both enamel and dentin 
have the greatest thickness compared to other locations. The main holes were prepared in the 
buccal and palatal walls using the same high-speed bur under constant air and water spray using 
one motion so that both holes were placed in the same direction. The burs were replaced after 
making holes in 5 teeth. Before the cementation procedure, silane (Angelus Ind. Prod. 
Odontológicos S/A, Londrina, PR, Brazil) was applied to post surfaces. All the cavity surfaces 
were etched with 35% phosphoric acid and Single Bond adhesive system was applied according to 
manufacturer’s instructions, followed by cementation of the post using flowable composite resin. 
Light-curing was carried out using Litex 682 light-curing unit (Dentamerica Inc., Bedford circle, 
CA, USA) for 30 seconds from the external surfaces of buccal and palatal surfaces. Before 
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placement of composite resin the pulp chamber was filled with flowable composite resin, the 
remainder of the cavity was restored with Values Plus composite resin using the incremental 
technique, and each layer was light-cured with Litex 682 light-curing unit (Dentamerica Inc., 
Bedford circle, CA, USA) in the soft-start curing mode. Subsequently, the teeth were incubated 
inside plastic containers containing distilled water at 37ºC for 24 hours. After incubation, excess 
post material was removed using the same diamond bur. 
• Group 6 (RCT+MOD+OGF+CR): Endodontically treated teeth restored with placement of 
fibers at the occlusal position after splinting the buccal and palatal walls with horizontal fiber 
post. After root canal treatment and preparation of the access cavity similar to that in group 2, 
horizontal fiber post was placed and each tooth was restored with composite resin in a manner 
similar to that in group 5. Then glass fiber was placed at the most occlusal position similar to that 
in group 4 at the tip of the buccal and palatal cusps. Finally, the remainder of the cavity was 
restored with composite resin similar to group 5. After 24 hours of incubation in plastic 
containers containing distilled water at 37ºC, the excess post material was removed from the 
buccal and palatal cusps. 
The teeth were mounted in plastic blocks made of self-curing acrylic resin up to 1.5 mm 
apical to the CEJ. Then a compressive force was applied at a crosshead speed of 0.5 mm/min by a 
steel spherical tip measuring 6.25 mm in diameter parallel to the tooth long axis, in a universal 
testing machine (H5K-S model/ Tinius Olsen, Ltd,. Surrey, England) until fracture occurred. The 
force at fracture was recorded in Newton. 
In groups 4 and 6, in which it was necessary to place holes in the buccal and lingual walls 
with the use of a bur, cracks were possible to form on the walls. Therefore, all the specimens in these 
groups were evaluated under a stereomicroscope at ×4 after preparation of the holes; new specimens 
replaced specimens with cracks.  
 
Evaluation of Fracture Patterns After Fracture Strength Test 
Fracture patterns were divided into favorable (fractures extending up to 1 mm below CEJ), 
unfavorable (fractures extending more than 1 mm below the CEJ) fracture groups, and frequency 
percentages of fracture patterns were reported.  
 
Data Analysis 
Data were analyzed using IBM SPSS Statistics for Windows Software, version 20 (IBM 
Corp., Armonk, NY, USA). Descriptive statistics was used to calculate the mean and standard 
deviation. One-way ANOVA and post hoc Tukey tests were used. The significance level was set at 
5%. 
 
Ethical Aspects 
This research was approved by the Ethics Research Committee of the Tabriz University of 
Medical Sciences (Protocol No. 271). 
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Results 
The means, standard deviations and standard errors of fracture strength values and 
distribution of fracture patterns are presented in Table 1. One-way ANOVA showed significant 
differences in fracture strength between the groups (p<0.001). Two-by-two comparisons of the 
groups with post hoc Tukey tests showed significant differences between the negative and positive 
control groups (p<0.001) and between the negative control group and all the other study groups (3, 
4, 5 and 6) (p<0.001). However, there were no statistically significant differences between the 
positive control group and all the experimental groups and between the experimental groups with 
each other (p>0.05). 
In relation to fracture patterns, the fracture patterns in groups 2 and 3 were predominantly 
unfavorable and in groups 5 and 6 they were predominantly favorable. In addition, the fracture 
patterns of group 4 were equally favorable and unfavorable (Table 1).  
 
Table 1. Mean values (N) and standard deviations (SD) of fracture strength values. 
 
Groups 
Bond Strength Fracture Patterns 
Mean SD Std. Error Favorable Unfavorable 
G1 1073.63a 245.18 70.77 5 0 
G2 461.83b 136.26 39.33 0 5 
G3 1103.50a 378.48 109.26 3 9 
G4 1122.16a 231.61 66.86 6 6 
G5 1023.33a 295.53 85.31 10 2 
G6 1097.50a 256.05 73.91 3 9 
Different superscript means statistically significant differences. 
 
Discussion 
Fracture resistance of endodontically treated teeth is an important factor in the longevity of 
teeth, which is under the influence of restorative procedures. Various techniques have been suggested 
in different studies for the restoration and strengthening of compromised endodontically treated 
teeth [14,15,18-22]. Advances in adhesive dentistry and chemical composition of composite resins 
have resulted in the ability to render direct restorations with an acceptable strength and esthetic 
appearance for posterior teeth [23]. Another technical advance is the introduction of flexible posts, 
including fiber posts, which provide greater protection for the remaining tooth structure against 
fractures compared to metallic posts because they have an elastic modulus comparable to that of 
dentin [4]. 
In the present study, the fracture strength of group 1 (sound teeth) was higher than that in 
group 2 (MOD+RCT). Therefore, the strength was significantly reduced after access cavity and 
MOD preparations similar to previous studies [11,24]. It has been shown the amount of lost dentin 
affects distribution of stress in the remaining tooth structure. In intact teeth, enamel is supported by 
the bulk of dentin, resulting in a higher fracture resistance [25]. Preparation of an MOD cavity 
decreases cusp stiffness up to 63%; however, preparation of an endodontic access cavity alone 
decreases cusp stiffness by approximately 5% [26]. In the present study, the fracture resistance of 
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endodontically treated teeth with MOD cavities (group 2) decreased by 58% compared to group 1 
(sound teeth). 
Considering the significant decrease in fracture resistance of endodontically treated teeth due 
to the loss of support by marginal ridges and the pulp chamber roof, it is necessary to apply proper 
restorative techniques to restore strength and reinforcement of the remaining tooth structure [15]. 
Some previous studies have shown that bonded composite resin restorations increase the strength of 
these teeth to a greater extent compared to unbounded amalgam restorations [8,27,28]; however, 
some other studies have reported no differences between these two restorative techniques [24,29]. 
Adhesive restorative techniques with the use of direct restorative materials contribute 
significantly to fracture resistance, by creating a bond to distribute compressive strength across the 
tooth‒restorative material interface, which protects the tooth against fracture and restores the 
fracture resistance of the tooth to a level comparable to that of an intact tooth [22,30]. A previous 
study showed that the amount of tooth strength that is restored with the use of amalgam and 
Spectrum TPH, Surefil, Esthet-X and Esthet-X + Dyract Flow composite resins is 17%, 60%, 59%, 
54% and 99%, respectively [27]. The important finding of the study above was the fact that the 
amount of strength restored with the use of Dyract Flow was higher than that with the use of other 
composite resins. The modulus of elasticity of this flowable compomer is almost comparable to that 
of dentin (approximately 18.5 GPa); however, the modulus of elasticity of hybrid composite resins is 
around 16.6 MPa, which is a little different from that of dentin. Therefore, as shown in some 
previous studies, strength and resistance to cuspal flexure after restorative procedures depend on the 
modulus of elasticity of the restorative material [15,27]. 
Furthermore, in the present study, there were no significant differences between the groups 
4, 5 and 6 (reinforced with fiber) and a group restored with composite resin only (group 3: 
RCT+MOD+CR). This is in agreement with the results reported previously [11,31] and different 
from the results reported by Brazilian [15] and and Turkish authors [12]. It has been reported that 
von Mises stress distribution characteristics were similar at restorative material-tooth interface of 
sound teeth and in teeth restored with direct composite resins and fiber-reinforced composite resins 
[32]. The use of polyethylene ribbon fibers beneath composite resin restorations in endodontically 
treated teeth with MOD cavities gives rise to higher fracture resistance compared to composite resin 
restorations [13]. Based on their suggestion, polyethylene ribbon fibers modified stresses at 
restorative material-dentin interface; in this context, the bonding ability of fiber in association with 
resin might have increased the fracture resistance of the tooth by keeping the cusps close together. 
The discrepancies between the results of studies might be attributed to the absence of standardized 
preparation techniques and/or a standardized test model, and differences in position of fibers and the 
loading angle [13,14,18,21]. 
Apart from the discussion on fracture resistance, comparison of fracture patterns is very 
important. Generally, since fractures 1 mm coronal to the CEJ are easily restored by restorative 
techniques, they are considered favorable. However, fractures deeper than this are considered 
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unfavorable because they cannot be easily restored and might need further therapeutic interventions 
such as crown lengthening and orthodontic forced eruption, and in some cases the tooth might even 
be a candidate for extraction [18,21,33]. In the present study, although there were no significant 
differences in fracture resistance between the different groups, the fracture patterns were 
predominantly unfavorable in groups 2 and 3 and favorable in groups 5 and 6. In addition, fractures 
were equally favorable and unfavorable in group 4. One reason for more favorable fractures in 
groups reinforced with fibers, compared to the CR group, was the relative coverage of the cusps with 
composite resin during placement of fibers in the occlusal area and the relative ability of the fiber 
post in the cervical area to splint the buccal and lingual walls with no cuspal coverage. A higher rate 
of favorable fracture pattern in cervical fiber groups has been shown in at least two other studies, too 
[15,18]. 
It is possible that this has been achieved by producing a restorative material-dentin mono-
block in the cervical area and much better distribution of stresses or through interconnection of the 
cavity walls and creation of a stronger and more resistant area in the cervical area of the tooth [18]. 
In addition, although the circumferential fiber did not significantly affect the overall stress 
concentration pattern, it gave rise to better distribution of stresses in the cervical area. Occlusal 
fibers decreased the mean stress in the whole structure, without decreasing cuspal movements [34]. 
Recently, the results of another FEA study demonstrated that reconnecting buccal and lingual walls 
of an endodontically treated lower molars with a 2 mm wide FRC band modeled as ring around the 
middle of the crown has a positive effect on stress distribution, reduces stress concentration at the 
cavity wall-restorative material interface and enhances fracture resistance [35]. 
The forces applied in the present study to evaluate fracture resistance were static forces. It 
has been claimed that dynamic fatigue test simulates the clinical situation better and is the gold 
standard for the evaluation of fatigue, due to the effect of oral movements on tooth restorations 
[36,37]. Therefore, it is suggested that dynamic fatigue testing be used in future studies in order to 
simulate clinical conditions.  
 
Conclusion 
Composite resin restoration restores fracture strength of endodontically treated maxillary 
premolars approximately to the level of sound teeth. Fiber reinforcement has no additional 
reinforcing effect on fracture strength of composite resin-restored endodontically treated maxillary 
premolars. Finally, fracture patterns in cervical fiber-reinforced samples are more favorable than 
occlusally oriented fiber and no-fiber groups. 
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